This paper shows how public debt repurchases can be used to reduce the costs of debt service, under the hypothesis of asymmetry of information between the government and the private sector. At the beginning of a fiscal stabilisation, for example, a government typically does not enjoy full credibility among investors and interest rates could incorporate excessive risk premia, reflecting this lack of credibility. The idea of this paper is that buybacks could be used to eliminate unfair risk premia since they can signal the government commitment to an announced policy.
Introduction
Since the 1980s a number of indebted countries, like Brasil, Mexico, Bolivia, Uganda, Zambia and Tanzania, have repurchased part of their debt, usually at substantial discounts on the face value. Since 1990, some OECD countries (like the UK, France, Italy, Belgium, The Netherland, Spain and Ireland) have also used repurchases of their domestic debt. Such programmes can include both bonds repurchase (with the elimination of the repurchased debt) and bonds conversions (which has the advantage of being self-financing).
While buybacks have been analysed quite deeply in the international debt literature, as far as I know, the literature on public debt management has not dealt with domestic debt repurchases (with few exceptions: e.g. Coe et al., 2000) . 1 The main goals of domestic debt repurchases are to reduce both the risks and the costs of debt service. The risk that is considered is refinancing risk. Through buybacks the government can intervene in order to smooth the maturities profile and so to avoid tensions in the secondary market. Then, buybacks could help reducing the costs of indebtedness for three reasons. In the first place, it could be a way to increase the liquidity in the secondary market by switching from illiquid to liquid securities. Liquid instruments, that is with standard characteristics, are more easily priced and traded and thus they can have a cost advantage respect to other types of bonds.
2 1 One of the most debated aspects of buybacks has been whether debtor countries benefit from repurchases of their sovereign debt, at low prices, on the secondary market. Rogoff (1988, 1991) provide a formal statement of the critique to buybacks. Instead, different reasons for buybacks are given, among others, by Cohen and Verdier (1995) , by Krugman (1989) , Thomas (1996) , Rotemberg (1991) , Acharya and Diwan (1993) , Marchesi and Thomas (1999) . 2 Quite recently, also foreign currency buybacks have been carried out in order to reduce both risks and costs of debt service. In particular, Brady bonds have been repurchased with the specific aim to eliminate the stigma of restructured debt (for example in Argentina, Brazil and Mexico).
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A second way to reduce the costs of debt servicing could also derive from an opportunistic use of repurchases. The government could distinguish the more expensive bonds in the market and repurchase them issuing in their place cheaper securities (for example, short-term bonds, as in Coe et al., 2000) . More specifically, the authors show how it is possible to forecast, using a common set of macroeconomic factors, the difference between holding period returns of bonds of different maturities (i.e., return spreads). Therefore, it would be possible to order bonds of different maturities according to their expected costs and to replace the more expensive with the cheaper ones (repurchasing the former and issuing the latter, respectively). On the other hand, this type of reduction in the costs of debt service comes necessarily with an increase in the portfolio overall risk (since the bonds which are repurchased are those with a higher risk premium).
Finally, this paper, introducing asymmetric information between the government and the private sector, shows that there may be a third reason why buybacks can decrease the costs of debt service. That is buybacks may help a government to solve the inefficiencies which are due to the asymmetry of information. 3 The existence of asymmetric information is not new in the literature on debt management (Drudi and Prati, 2000; Missale et. al., 2000) . For example, at the beginning of a stabilisation programme, a government typically does not enjoy full credibility among investors and interest rates could incorporate excessive risk premia (or expected inflation and depreciation), reflecting this lack of credibility. On this respect, Missale et. al. (2000) studied 72 episodes of fiscal stabilisation occurred in OECD economies between 1975 and 1998. For each episode, they analysed the government issuing strategies during the first two years of the stabilisation and the evidence suggested that the government generally prefers long to short maturity. However, when long-term rates are high relative to their expectations short-term, bonds are issued in order to minimise borrowing costs.
The main idea of this paper is that buybacks can be another way of reducing borrowing costs. While in Missale et. al. (2000) the government chooses "strategically" the maturity of the new debt to be issued (in order to minimise the cost of debt service), here the government actually changes the structure of the outstanding debt to reach the same objective. Domestic debt repurchases can then be used in order to eliminate "unfair" risk premium since they may help a government to enhance its commitment to an announced policy. 4 The government is not generally supposed to exploit its information advantage (respect to the private sector) although this could be good when the authorities are actually signalling the implementation of an announced stabilisation plan.
More specifically, a theoretical model is developed to show that buybacks of public debt may signal a government type. It is assumed that the government could be of two types: a dry type and a wet type, according to their willingness to implement a fiscal stabilisation. Asymmetry of information between the government and private investors is assumed. In particular, interest rates are assumed to incorporate a risk premium which reflects the expectation that the inability to implement a stabilisation programme may result in more inflation and/or taxation, or debt default. 5 . Thus, a dry type which has to finance new spending may want to signal its resolution to lower its interest costs by repurchasing a fraction of the outstanding debt. The wet type could also decide to buy-back some of its debt in order to pretend to be dry and to (possibly) lower its interest payments. It is showed that a critical amount of buyback exists such to separate the two types. Finally, both the pattern of long-term Italian bonds prices and of the differential between yield to maturity on the Italian and the German benchmark bond (constant 10 years maturity bond) look consistent with the main implication of the model.
The rest of the paper is organised as follows: in Section 2 we briefly review the institutional evidence on buybacks. Section 3 contains the theoretical model and in Section 4 some evidence is provided in favour of the hypothesis that the repurchase of public debt is actually perceived as a good signal by private investors, consistently with the model. Finally, Section 5 4 Differences in the expected returns of debt instruments are "fair" if they reflect properly called risk premia, asked by risk-averse investors who do not make systematic mistakes, are fully informed about the likelihood of future events and confident that fiscal and monetary policy actions will be carried out as announced. 5 Default will be used here as a general term which indicates anything which may go wrong in the service of public debt: outright repudiation, rescheduling or una-tantum capital levy.
concludes.
Institutional evidence
According to a questionnaire carried out by the Bank of Italy and the Italian Treasury, in November 1996, before 1990 programmes of repurchase in advance of maturity of outstanding securities (RAMS) were a rarity: only Sweden and the United Kingdom carried out them before that year. From 1990 onwards, countries began to acquire experience in the use of debt repurchases instruments and some of them have established regular bond repurchasing programmes. The percentage of debt that was repurchased in different countries ranged from 0.3% (in Italy) to significant amounts (such as 12% in Ireland). 6 In 1999 and 2000 repurchase operations have been carried out quite intensively, at least in a number of European countries (Table  5 , in the Appendix). Table 1 , in the Appendix, reports the analytic answers of 19 OECD countries (out of the 24 countries which have been interviewed by the Bank of Italy and by the Italian Treasury). RAMS have actually included both bonds repurchase and bonds conversion. Among the most frequent objectives of the repurchase there are: the reduction of the outstanding debt, a greater smoothing of the maturity profile, the reduction of debt servicing costs, elimination of securities with poor liquidity. Table 2 , in the Appendix, contains the analytic answers of the interviewed countries.
In sum, the main objectives of a buyback are to reduce the risks and the costs of indebtedness. The risk which is considered is refinancing risk. Through buybacks the government can intervene in the market in order to avoid a heavy infra-year concentration of debt redemption. A debt repurchase could also help reducing the costs of debt service. They could be a way to increase the liquidity in the secondary market by switching from illiquid to liquid securities. A government could decide to issue "fungible bonds" (i.e., bonds with coupon and maturity identical to those of existing issues) repurchasing at the same time securities with poor liquidity (for example older securities). Simpler instruments are more easily priced and traded so they can have a cost advantage respect to other types of bonds. Increasing bonds liquidity also implies that the market become thicker (i.e., bonds are available for trade in large amount) and thus more efficient. 7 Both bonds repurchases and conversions may be carried out using various techniques (see Table 3 in the Appendix). Debt exchange operations have been mostly used since they are self-financing: exchange offers always take place on the issue of new bonds. In fact, they are not meant to reduce the stock of debt but to increase the market activity through an improvement of the characteristics of liquidity and maturity of outstanding bonds. Buyback operations can be made either through reverse auctions or in the secondary market. In countries with greater experience of this instrument, auctions usually take place on a competitive basis where an advance announcement is given concerning the bonds to be repurchased. 8 In general, both debt exchange or reverse auction are held in a standardised procedure and, thus, they are less flexible instruments than secondary market buybacks. For this reason, several countries decided to choose a combination of the two. 9 With the only exceptions of the Netherlands and New Zealand (where these operations are open to all kind of investors), repurchase programmes usually take place through intermediaries. Most of them are "market makers", like primary dealers or specialists in Government bonds. In some other cases, these operations take place through the Central Bank while the Treasury usually coordinates them. Market information is given through professional channels in an appropriate way. Every operator should be able to know about the opportunity that the Treasury is giving the market. 10 7 In OECD countries there has been a clear trend towards standardisation and reduction of the types of securities on offer (Missale, 1999) . 8 The bids submitted by operators are generally met with cut-off prices determined either by the Treasury or by the Central Bank. UK has a different procedure with a more active role of the Central Bank. 9 For example, in France, large operations were carried out with both reverse auction and debt exchange offers, while small adjustments were made through "standard repurchase." In Italy a composite set of instruments was used: reimbursement of bonds at maturity, buyback both with reverse auction and on the secondary market. 10 A few countries do not give any information: Australia (where the operations are conducted only by the Central Bank) and Iceland (where a press release is issued only after the operation is closed).
Usually the first technique (reverse auction) is preferred when a substantial amount of debt should be repurchased and only few types of (liquid) bonds are chosen. When a great number of not liquid bonds, each with a small amount outstanding, must be repurchased, a government may decide, alternatively, to buy-back directly in the secondary market. In this case the choice of the intermediaries is crucial.
Finally, four kind of financial resources have been used (Table 4 in the Appendix). The majority of OECD countries use funds generated mainly by the issue of new debt. Then, there are the credit facilities with the central Bank (as the access to funds of the Treasury, at the Central Bank, which are used to finance Government expenditure). Budget surplus are used as well and, finally, there are also special Fund ("Sinking Funds") created, in Italy and in France for example, with the outcome of the privatisation. 
The model
This section shows how buybacks could be used to eliminate excessive risk premia. To this end I develop a signalling model of public debt repurchases where the risk of default on public debt is the government private information. The government objective is to lower the debt service cost. I assume that the government could be of two types: a dry type willing to implement a fiscal stabilisation plan (in this model this basically means reducing fiscal spending) and a wet type unable to. Interest rates are assumed to incorpo- 11 While in France there are also other options, in Italy, a law (27/10/'93, No. 432) establishes that all funds arising from privatisation must be used exclusively for the purpose of reducing public debt. 12 In 1999 the Clinton administration announced it had planned to spend the forecast (over the decade) budget surplus (worth around $3,000bn) to buy-back 1,700 billions of dollars of public debt within the next 10 years (and to eliminate it entirely by the 2015).
rate an "unjustified" risk premium which is higher for the wet type (under full information). However, only the government is aware of its type, which is unobservable to private investors. Thus, a dry type who has to finance some new spending (issue some new debt) may want to signal her resolution in order to lower her interest costs and one way to do that would be to repurchase a fraction of the outstanding debt. The wet type could also decide to buy-back some of his debt in order to pretend to be dry and to (possibly) lower his interest payments. It is showed that a critical amount of buyback exists such that the two types can be separated.
The concept of a buyback in a public debt framework is introduced gradually. In what follows, I start by considering the particular case in which the amount of additional spending is zero (F = 0). However, in the more general model, some new debt must be issued (F > 0). The first model represents a reference case, which is useful to illustrate what is needed to get an interesting model, while the second model is the main one. The following are the features common to both cases.
The model extends over two periods, period zero and period one. I assume that, at t = 0, the government has inherited an amount D of public debt at the fixed gross 2-period interest rate i, so Di is due at t = 2 (D is normalised to one). Thus, interest rate repayments on the outstanding debt are set before the "game" starts. Let's define b as the amount of debt which could be repurchased at t = 0.
There is asymmetry of information between the government and private investors and the latter have a (common knowledge) prior π that the government is of the dry type. A dry government carries out larger cuts and has a level of spending G L (at the end of period zero) which is lower than the level of spending G H of a wet government. The fundamental characteristic that distinguishes the two types is a risk premium on period one interest payments p, which can either be p W or p D , depending on whether the government is perceived as wet or dry by investors. In particular, at t = 1, interest rates will be determined after the uncertainty about the government's type is resolved and they will be lower if the level of spending is low, or higher if spending is high. Period one interest rates contain a risk premium which reflects the expectations that the inability to stabilise the economy may result in debt default (or higher inflation and/or taxation) and which is greater for the wet type government.
At t = 0, after the dry government implements a stabilisation programme (here it basically consists in cutting public spending) which is going to affect the level of spending (and thus the interest rate in period one), she might find it beneficial to buy-back a fraction of the outstanding debt, issuing at the same time short-term debt to be rolled over at the beginning of period one. This strategy might be preferred here by the dry type (to issuing 2-periods debt) because, in this way, she could benefit from the consequences of her implementation of the stabilisation programme, in terms of reduced interest costs.
Here I assume that a buyback is made only through a bond conversion (for example as there is no cash for repurchases at the beginning). 13 The sequence of events is described in Figure 1 .
Reference case
In this section I examine the simplest case in which the amount of new spending is zero (F = 0). Here the debt repurchase may actually leave the dry type indifferent and the wet type worse off (if believed dry). So while it separates the two types, there is no advantage to the authority in undertaking the buyback. The two levels of spending G L and G H will not actually enter the analysis, except as signals that invariably identify the two types i.
The following assumptions are made: (A1) There are no resources for repaying at the end of period zero, therefore all debt has to be carried forward to the end of period one; (A2) There is neither additional spending, nor stabilisation risk during period zero. (Assumptions one and two make sense if the period zero is "very short term.") (A3) Information of wet/dry is revealed before debt can be rolled over.
Let's define i* as the gross safe world interest rate (= 1 + r), where i* is assumed constant over the two periods. Suppose there is a separating equilibrium in which the (critical) size of the repurchase of debt at the outset of period zero signals the type, then the following "arbitrage" condition should hold (that is for the government to be indifferent between the two strategies):
where p j is the risk premium in period one and it can either be p
Notice that I allow the wet type to repurchase some debt, i.e., I want to consider a range of separating equilibria, including those in which the wet type does a positive repurchase, but at a different level. q j is the price of the repurchase of one unit of the inherited debt and it can either be q
is the interest rate in period zero, it is equal to i* (there is no risk in period zero); i 1 is the interest rate in period one and can take the two values i
The left hand side of (1) represents the expected returns to a bondholder from one unit of inherited debt over the two periods, while the right hand side contains the returns from selling one unit of old debt at the start of period zero and buying new debt at the price q j , earning i 0 in period zero and (1 − p j )i 1 , in period one. Notice that the probability of default, in period one, is the same either holding long-term or short-term debt. Below, I will take into account the possibility that holding short term debt can involve some default probability in period zero as well. 14 The arbitrage condition in period one is:
and substituting (2) in (1), the price of one unit of debt becomes:
More specifically, if the wet type does the repurchase, he will be believed to be dry and therefore the price per unit of debt repurchased will be:
rather than:
where q D is higher than q W as the dry type is safer which implies that the secondary market price for inherited debt is higher. Correspondingly, the interest rate the wet type has to pay in period 1 is greater since it is a riskier type. That is:
,
.
I assume that the government is interested only in minimising the amount it has to repay at the end of period one, assuming it does not default. Thus, the cost of the repurchase of one unit of debt, at the end of t = 1, for the wet government (assuming it does not default) is:
that is:
As we can see, for the wet type, the buyback (no matter what its size) is bad if it signals the dry type, since it forces to pay higher interest rates on the point of debt rolled-over. The same calculation for the dry type (i.e. where buyback signals dry) leads to (4) with (1 − p D ) in the denominator and thus C is equal to i. The dry type has the same interest payment and so she will be indifferent. Likewise, the wet type is indifferent about doing a buyback if this signals he is wet, and in this case the dry type would strictly prefer to mimic the wet type (just replace p W by p D in (4) and you would get a fraction that is smaller than i) so there cannot be a separating equilibrium in which the wet type makes a positive repurchase.
Therefore, if there were a separating equilibrium, it would be of the form: if any repurchase is made, then the probability of the dry type would be one. There cannot be a positive threshold value for the buyback, since the dry type would like to undertake a smaller buyback to signal she is wet. More specifically, there are a continuum of separating equilibria where wet does not buy-back whereas dry does an amount b * where b * lies between 0 (> 0) and the maximum amount 1. Each of these equilibria is supported by the belief that P rob(D | b > 0 = 1), 0 otherwise. 15 Let's now consider pooling equilibria. We have a pooling equilibrium when the dry does not do any repurchase because in this case they both send the same signal (b = 0). Can there be one at positive level of repurchase? Suppose that they both do positive repurchase of b * . The price would reflect the average risk, which is good for the dry and bad for the wet. Clearly the wet would be better deviating to b = 0 in this case. Hence I cannot have a pooling equilibrium.
In conclusion, in this model there is no reason to have a buyback as this does not affect the ultimate allocation in terms of interests payments made by either type. The reason why the dry type does not benefit from the reduced risk premium (obtained by signalling her type) is that the current holders of debt simply value their debt more highly once they believe they were facing the dry type, and so the buyback takes place at a high price which just reflected this reduced risk. Basically, in this context, being thought to be safer implies that the secondary market price for debt is higher. This conclusion will not change if I modify assumption (A2) introducing some (very small) risk in period zero as well. (Notice that period zero risk does not affect the risk on long-term debt). Condition (1) becomes:
where
Let's assume that the wet type has a period zero default risk equal s (for the dry type s is zero) so i*= (1 − s)i W 0 (and i*= i D 0 ) and the cost of one unit repurchase for the wet type is:
which is the same as before (see (4)). Again, interest costs are not diminished and so there is no reason to have a buyback.
New spending
In this model, in addition to period 0 risk, some additional spending F, to be financed at the beginning of period zero, is introduced and it is shown how it can make the repurchase worthwhile (this is the same as issuing some new debt). If some new borrowing takes place at the beginning of period zero, to be rolled over in period one, the costs of that borrowing will depend on the interest rates both in period zero and in period one. At t = 1, interest rates will be determined after the uncertainty about the government's type is resolved and they will be lower if the level of spending is low. Under this case, interest rates contain, in both periods, a risk premium which reflects the same expectations as above (probability of either debt default or higher inflation and/or taxation) and which is greater for the wet type government.
At t = 0, after implementing a stabilisation programme, the dry type might find it beneficial to buy-back a fraction of her outstanding debt, issuing at the same time short-term debt to be rolled over at the beginning of period one. In this way she could benefit from a "reputation effect" of her policy in terms of reduced interest rate in both periods. In period one, because after public spending is actually observed, the government type is distinguished and the risk premium on interest payments can decrease (if the type is dry). In period zero, because the buyback could be the signal that a government is dry (assuming only the dry type can actually benefit from reduced rates in period one, if there is a separating equilibrium), and so it could influence the risk premium of period zero, as well.
The dry type will gain for sure from the buyback because she is normally indifferent about that, but assuming additional spending to be financed in period zero and a small risk premium that could be reduced by the repurchase, she will be surely better off. 16 The wet type is normally worse off with the buyback, since this takes place at a high price, corresponding to the dry type's risk premium. But with the financing of new expenditure, he could find it advantageous to pretend to be dry in order to benefit from better conditions on the new borrowing. I show there will be a critical amount of the repurchase such that the two types will be separated.
I defined b as the amount of debt which can be repurchased. At the beginning of period zero, the dry type should decide whether to do the buyback or not. Thus, she should compare the interest costs of the outstanding debt and of the new borrowing in the two circumstances of with and without buyback. If she opts for the buyback strategy, the timing will be the following: at t = 0 the government repurchases an amount b of its outstanding debt, to be rolled over in period one, and simultaneously finances the new borrowing with short term debt, to be rolled over at the beginning of period one as well. At the end of period zero, the level of public spending G is observed and the risk premium of period-one interest rate is determined.
Therefore, assuming again a separating equilibrium and that there is some default risk in period zero as well as in period one (as above), if the wet government does the buyback, his interest costs would be:
and, without it, they are:
In order to obtain the critical value of b such that the two types are separated, we need to find that b (= b S ) such that the interest costs the wet type has to pay with the repurchase (R W b ) are equal to the interest costs he should pay without it (R W ): then any b > b S will be separating. That is:
which reduces to:
where b S is increasing in the quantity of new borrowing F and in the risk premium s (these two factors make the buyback more advantageous for both types) and decreasing in the difference between p W and p D and in i (both of them increase the costs of doing the repurchase The reason why the separating equilibrium can actually work is that the dry type is more willing to convert its debt to short term debt because she is not afraid of adverse information becoming available during the course of longer maturities, whereas the wet type would have to roll over the debt at a higher interest rate (at the end of period zero).
On the other hand, the dry type's interest costs with the separating buyback are:
while, without any buyback, they would be:
where, although after observing no buyback beliefs put probability one on the wet type, this reverts to probability one on the dry type once spending is observed. As we can see, R However, I also need to check whether her interest costs in the buyback case are always lower than the ones she pays with no separating buyback. The dry type might find it more advantageous to repurchase only a fraction b < b S (I am assuming here that beliefs are such that P rob(W | b < b S = 1) in order to pay a lower buyback price in period zero and still be able to reduce her interest costs in period one, after the asymmetry of information is cleared. Obviously, b S will be preferable if the corresponding interest payments R as the interest costs that correspond to b :
that simplifies to:
is very close to one).
Thus, if s is low, if the dry type does the buyback she basically benefits by borrowing F at the true (low) risk premium. If she does not undertake a buyback she has to borrow F at the wet risk premium in period zero, which is obviously worse. The issue is what happens if she was to buy-back b, 0 < b < b S ? If I assume that for any b < b S , the government is assumed to be wet, then he benefits by the fact that the buyback price reflects the risk premium for the wet government over the two periods. Clearly, the larger b is the more tempting this is (and if s is lower, b does not have to be so big for the temptation to succeed). (14) says just this: if b ≤ RHS(14) then it does not pay to pretend to be wet, while it does if b > RHS (14) . But since it is easily checked that RHS(14) > b S (and b cannot obviously be bigger than b S ) then for the dry type it does not pays to be believed wet. (14)) which is at most RHS (14)) (while she would gain from being believed wet when b > RHS (14) , as in Fig. 3 ).
I try now to examine whether the intuitive criterion can eliminate some of the separating equilibria. The idea is to use the equilibrium payoff levels as reference points (see e.g. Mas-Colell et al., 1995). Suppose that the dry type was to deviate from the separating equilibrium. Is there a level of b such that the wet for sure would be worse off than in equilibrium no matter what the beliefs (this would convince the public that it is facing a dry), and such that the dry would be better off if believed dry? The answer is no, since the dry type is already believed dry in equilibrium, and gets exactly the same utility whenever she is believed dry, so such a deviation doesn't exist (irrespective of whether we can find a b which makes wet worse off for sure, which is possible since very high level of b do make wet worse off). For wet, since I cannot find any level of b such that dry is worse off for sure, then, again, I cannot apply the criterion to find a profitable deviation for wet. Thus, I cannot eliminate any separating equilibria this way. If the intuitive criterion has no bite, none of the weaker ones will.
There are no pooling equilibria (for a formal demonstration, see the Appendix). 17 Without pooling Perfect Bayesian Equilibria we are just left with a range of separating equilibria, but since the dry gets the same payoff at each one (as does the wet) then they are all payoff equivalent so there is uniqueness of equilibrium payoffs.
In conclusion, in this section I demonstrated that a whole set of separating equilibria does exist (i.e., wet type and dry type can be separated through the buyback) assuming beliefs are: P rob(D | b > min (b*, RHS(14)) = 1), 0 otherwise. 18 The wet type chooses b = 0 in equilibrium, since if he chose b > 0 in equilibrium, a deviation to b = 0 must be better no matter what beliefs we use at b = 0. Likewise the dry doesn't gain from being thought wet as that would require a repurchase of less than min (b*, RHS (14)).
The data
In this Section I will provide some evidence in favour of the hypothesis that the repurchase of public debt is actually perceived as a good signal by private investors, consistently with our signalling model. More specifically, I analyse series of prices of Italian and UK bonds in order to detect the presence of a structural break corresponding to the day of the buyback. I expect that the price of the bonds that are repurchased increase, since in a separating equilibrium only dry types would buy-back their debt implying that the secondary market price for debt is higher.
As Italian bonds are concerned, I also test the impact of the repurchase on the differential between the yield to maturity on the Italian and the German benchmark bond (constant 10 years maturity bond). In this case, the differential between the returns of these two benchmark bonds should decrease in correspondence of the buyback (in a separating equilibrium only dry types would buy-back their debt which is then safer). Each price series is constructed considering approximately two months observations before and after the repurchase date (the series are almost daily). I chose a quite short interval of time in order to be able to investigate the impact of the buyback on the pattern of bonds prices. Given the relatively small amount of debt that is repurchased, on average, if I considered a period of time too long, the effect of the buyback would be blurred.
Data on the differential between the return on the Italian and the German 10 years benchmark bond consist of 13 series, observed monthly over the period November 1993 to June 1998. Each series, in this case, corresponds to the month in which an Italian buyback took place, over the period November 1995-June 2001, and each series is constructed considering about two years observations before and after the repurchase date (in this case the observation period is much longer).
I test the hypothesis of the presence of a structural break due to the buyback, assuming that the break occurs on the day of the repurchase, since I can only know the day in which the repurchase occurs, but not when it was announced (if it was). Since most of the series are likely to be non-stationary, I have implemented the testing procedure suggested by Perron (1989) , which allows one to simultaneously control for the presence of unit roots and breakpoints. Perron proposes three different variants of the traditional Dickey Fuller (1979) test, assuming that under the alternative hypothesis the series is stationary around a segmented trend, rather than a linear one. Under the alternative, the segmented trend can show a change in the intercept (Model A), in the slope (Model B) or in both (Model C):
where t B is the break-point and:
The three tests are carried out following the procedure in Perron, which requires the regression of the dependent variable on a constant, a time trend, the lagged dependent variable, DU and augmented differences lag in order to remove autocorrelation (according to Model A); on a constant, a time trend, the lagged dependent variable, DT * and augmented lagged differences (according to Model B); on a constant, a time trend, the lagged dependent variable, DU , DT and augmented lagged differences (according to Model C).
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I chose the third testing equation (Model C), which allows for both a change in the intercept (DU) and for a change in the slope (DT ) of the trend, under the alternative. Analysing the pattern of all the series it seemed appropriate to have a model that captures both a very short-term break (associated to the date of the repurchase/breakpoint t B ) and a longer-term behaviour. However, to explain the pattern of bonds prices, as the period of time increases, we should probably model better all the factors that might affect them, not only taking into account their break-points. This is why I am more interested here in analysing the very short-term break, that is the sign (and the significance) of the coefficient of DU. However, DT is important as well since it gives an indication of the "order of magnitude" of the initial impact (how long it lasts).
The detailed results of my tests are presented in the Appendix. Tables  6, 7 and 8 describe the impact of buybacks on Italian and UK bonds prices, while Table 9 presents the impact of buybacks on the differential between the yield to maturity on the Italian and the German 10 years benchmark bond. As Italian bonds prices are concerned, almost all series are non-stationary at 5% level of significance. The coefficient of DU is generally significant and positive (while the coefficient of DT is generally significant and negative). Thus, as the coefficient of DU is positive, the initial impact of the repurchase is to make the prices of the remaining bonds rise.
For the series on BTP this result holds in most cases (Table 6 ). There are only few cases in which the coefficient of DU does not have the "expected" signs (I12675, I12678, I12686, I36675) or it is not significant at 5% level of significance (I36607, I12686bis, I36674, I36682, I36675). For the series on CCT (Table 7) slightly similar conclusions hold: in three cases the coefficient of DU does not have the expected signs (I13097, I13204, I36690) and in other few cases it is not significant at 5% level of significance (I13096, I13097, I13204, I36612, I36685, I36690bis, I36694). The increase in bonds prices can be interpreted as a signal that the buyback has positively affected the credibility of a government. In fact, being thought to be a safer government implies that the buyback takes place at a higher price, which just reflects the reduced risk. For both BTP and CCT the average duration of the buyback impact is about 50 periods (days).
These results are confirmed after examining the impact of the repurchase on the differential between the yield to maturity on the Italian and the German 10 years benchmark bond (Table 9) . Almost all series are nonstationary at 5% level of significance and the coefficient of DU is generally significant and negative (when positive it is not significant at conventional levels). The opposite holds for the coefficient of DT (i.e., generally significant and positive). Thus, the impact of the repurchase is positive for the credibil-ity of the country that undertakes it, since the return of its bond decreases with respect to the return of the German one (Germany represents here an example of credible, dry type, country). In this case the average duration of the impact is about 28 periods (months).
Finally, the results of the test concerning UK bonds repurchases are presented in Table 8 . All the series are non-stationary at 5% level of significance. The coefficient of DU is positive in about half of the cases while positive and significant only twice. These results are definitely "weaker" respect to those concerning Italian bonds: here a buyback can generally be associated, almost with the same probability, either to an increase or to a decrease in bonds prices.
In conclusions, considering these two countries, a buyback does actually have the role of a signal only in the case of the more indebted country (in Italy the fraction of Central Government Debt to GDP is about 110% while in the UK the same ratio is about 45%). In this respect, it could be very useful to have access to the same kind of data for some other countries, possibly with a high value of debt as a percentage of their GDP.
Conclusions
Many developing countries have been keen to repurchasing part of their international debt on the secondary market at lower prices, as they considered the reduction in the price of their liabilities an attractive opportunity. In the case of domestic debt, buybacks can be used to reduce the costs of debt service, since they can both enhance liquidity and efficiency in the secondary market and eliminate an unjustified risk premium (which may result either from a government's credibility problem or from market imperfections).
In this paper a model is developed in which public debt repurchases is a signal of a government's type. Asymmetry of information between the government and private investors is assumed, where a government can be of two types, a dry type and a wet type, according to its willingness to implement a stabilisation plan. In particular, interest rates are assumed to incorporate a risk premium which reflected the expectation that the inability to implement the stabilisation programme may result in more inflation, taxation or debt default. Thus, a dry type who has to finance some new spending might want to signal her resolution in order to lower her interest costs and one way to do that would be to repurchase a fraction of the outstanding debt. Actually, the wet type could also decide to buy-back some of his debt in order to pretend to be a dry type and to (possibly) lower his interest payments. We show that a critical amount of buyback exists such that the two types can be separated.
Finally, some evidence is provided in favour of the hypothesis that the repurchase of public debt is actually perceived as a good signal by private investors, consistently with the theoretical model. I analysed series of prices of Italian and UK bonds and series of the differential between yield to maturity of the Italian and the German 10 years benchmark bond, in order to detect the presence of a structural break corresponding to the date of the buyback. In the Italian bonds case, the main finding is that the initial impact of the repurchase is to increase the bonds prices and to make the Italian/German benchmark bond differential decrease. This is consistent with the theory as, in a separating equilibrium, only dry types would buy-back their debt implying that the secondary market price for debt is higher (and its rate of return is lower).
Appendix
Pooling I want to examine whether pooling equilibria may exist. Let's define b P as the general, putative, pooling buyback and let's assume that both types now choose the same value b P > 0, so the risk premium is the average one.
Beliefs at b = b P are just the initial prior beliefs (i.e., π is the prior probability of the dry type and (1 − π) is the prior probability of the wet type). Then More specifically, in the case of pooling, the price per unit of debt repurchased will be:
where:
Correspondingly, the two levels of the interest rate become:
, and:
Let's define R W b P as the interest costs that correspond to b P .
23 Let's exclude the possibility that P rob[W | b > b P ] = 1 as there exist for sure a high enough value of b such that the dry type is better off deviating to b > b P (and being believed wet) rather than choosing the pooling value of b (see Figure 3) .
The interest costs that correspond to the wet type best deviation (i.e., b = 0)
are R W and they are reported in (7) .
hat means:
where b * * is smaller than b S (see Figure 2 and 3). Now, if b P ≤ b * * the wet type prefers a pooling equilibrium to his best deviation b = 0 (Fig. 3.2 ).
But when b P ≤ b * * , the dry can profitably deviate to any b > RHS (14) , no matter what beliefs are at this high level of b (see Fig. 3 ) and so this is not an equilibrium. If b P > b * * , then the wet must again be better off at b = 0, no matter what beliefs are, so that is again a profitable deviation. So I can conclude that a pooling equilibrium cannot exist. (6) FT ( Bond conversion United Kingdom Purchases of "next maturities", "small"/"index-linked" stocks (*)
Reverse auction and bond conversion (*) "Next maturities": Bank of England bids daily a price for bonds maturing within the next three months; "small stocks": Bank of England repurchases issue with extremely low outstanding amount; "index-linked" stocks: sometimes the Bank of England is asked by primary dealers to do so in order not to reduce the volume of such bonds in the market. Notes: Lags refer to the augmented form of the regression in the presence of serial correlation. S and NS refers to the stationarity and non stationarity of the series, respectively. λ is the proportion of observations occurring before the structural change. t ratios are reported in parenthesis. The critical value for Model C for λ=0.3 is -4.17 at 5% (*) and -3.87 at 10% (**). The critical value for Model C and for λ=0.4 is -4.22 at 5% (*) and -3.95 at 10% (**). For λ=0.5, the critical value is -4.24 at 5% (*) and -3.96 at 10% (**). The asympotic distribution of the other coefficients' t statistic is standardized normal. Notes: Lags refer to the augmented form of the regression in the presence of serial correlation. S and NS refers to the stationarity and non stationarity of the series, respectively. λ is the proportion of observations occurring before the structural change. t ratios are reported in parenthesis. The critical value for Model C and for λ=0.5 is -4.24 at 5% (*) and -3.96 at 10% (**). The asympotic distribution of the other coefficients' t statistic is standardised normal. Notes: Lags refer to the augmented form of the regression in the presence of serial correlation. S and NS refers to the stationarity and non stationarity of the series, respectively. λ is the proportion of observations occurring before the structural change. t ratios are reported in parenthesis. The critical value for Model C and for λ=0.5 is -4.24 at 5% (*) and -3.96 at 10% (**). The critical value for Model C and for λ=0.7 is -4.18 at 5% (*) and -3.86 at 10% (**). The critical value for Model C and for λ=0.8 is -4.04 at 5% (*) and -3.69 at 10% (**). The critical value for Model C and for λ=0.9 is -3.80 at 5% (*) and -3.46 at 10% (**). The asympotic distribution of the other coefficients' t statistic is standardised normal.
